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Effect of in-ovo feeding maltose on the embryo growth and intestine
development of broiler chicken
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ABSTRACT

The present experiment was conducted to study the effeatsovbd feeding maltose on the embryo growth and
intestine development of broiler. On the 17.5d of incubation, altogether 635 eggs were divided.randomly into 5 treatments.
The eggs of treatment 2, 3, 4 and 5 were injected with 1 ml 4.5 g/L NaCl solutions containing 100 g/L, 200 g/L, 300 g/
L, 400 g/L maltose into the amnion fluid, while-the eggs of treatment 1 as the control were only injected with 1 ml 4.5
g/L NaCl solution. The results showed that hatchling weighis ofvo feeding 100~300 g/L maltose solution group
increased by 2.9 to 6.4% over controls. But higher maltose concentration reduced hatchability, and even resulted in all
death (400 g/L maltose). The morphological examination of jejunum villus indicated on the day of hatching villus
height, width and surface area of all IO feeding treatments exhibited increase compared with the control group and, in
treatment 3, these were significantly increased by 17, 35 and 57%, respectivielyo\Bofeeding found 200 g/L
maltose solutions to the chicken embryo can promote the development of the jejunum villus, benefit due to enhancement
in the absorption-of nutrients and thus increase the weight of hatching.
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The growth and development of embryo and chicken is (Christenseret al. 1993). Exogenous carbohydrates may
depended on the digestion and assimilation of nutrients whichreduce this constraint.
is related to the morphological and functional development  Maltose, a hydrolysate of starch can be digested to glucose
of the gastrointestinal tract. The development of the gutby several enzymes and absorbed. According to Moran
occurs throughout incubation (Romanoff 1960), and is (1985), maltase and isomaltase activities appear in the
anatomically complete by 16 day of incubation (Moran 1985), embryo on day 18 of incubation and reach their maximum 4
and after that the functional abilities of the gut begins to days after hatching. Maltose may provide substrates and co-
develop (Ferkegt al. 2006). And just during 2—3 day after factors that stimulate carbohydrate metabolism to supply the
hatch, the chicken undergoes rapid-development of theenergy. Petersegt al. (2002) also demonstrated that higher
gastrointestinal tract (Bhattacharygigal.2007). The sooner  levels of the substrate in the intestine can elevate activity of
the gut achieves its functional capacity the earlier the youngdisaccharidases. So in this study, we selected different
chick can use dietary nutrients and attains maximum growthconcentration maltose solutions to the chicken embryos using
and development. During incubation many nutrient in ovofeeding (IOF) at day 17.5 of incubation to study the
supplements administrated to embryo could directly or effect on development of the small intestine and the growth
indirectly stimulate development of gut, growth of embryo of embryos.
and chick or duck, and improve livability (Uni and Ferket
2004, Takeet al. 2004, Uniet al.2005). Carbohydrates were MATERIALS AND METHODS
chosen as an important component because they are critical Incubation andin-ovo feeding:Broiler eggs (800) with
during the final stage of chick embryo development prior to average egg weight of 56+1.3 g were obtained from the
piping, and development of gut also needs higher energypoultry farm in the university. Eggs were incubated at
(Park 1993), but very little carbohydrate remains in the egg 37.5+0.5°C and 60% relative humidity and turn over 2 h. On
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solutions (1 ml/egg) into the amniotic fluid, which was Table 1. Effect ofn ovofeeding maltose with different
identified by candling. The 5 groups included the following: concentration on hatchability (%) and body
the control group solution was 4.5 g NaCl/L (group 1), and weight (g) of broilers

the other treatment solutions were respectively 100 g (group

2), 200 g (group 3), 300 g (group 4), 400 g (group 5) of Group
maltose/L (purity > 99.5%) in 4.5 g of NaCl/L. After the 1 2 3 4 °
eggs were injected, the injection holes were sealed WithHatchainty (%) 90.00 89.16 88.33 60.83 0
paraffin wax and then replaced to incubate. 19E 41.02 42.0BP 4323 41.1% 43.78
Tissue samplingFive embryos or hatchlings from each +0.88 #1.15 116 *1.17 #1.29
treatments and control group were decapitated for analysi0E 4508 4758 48.48 46.7%° 48.3¢%
at 19, 20 day of incubation (19E, 20E) and on the day of +0.60 +0.70 +0.70 * +0.66 +0.68
hatch. The weights of embryo or hatchling were recorded Hatch 4278 4508 4550 440P -

before slaughter. The jejunum was removed and 2 cm long $0.55 $0.97 063 077
Segmgnts were taker_1 and fixed in _4_% neutral-buffered  abneang within the same row with no common superscript are
formalin solution for histology. In addition, on the day of gjgnificantly different(P<0.05).
hatch the number of hatchling was recorded to be calculated
the hatchability. 5 exhibited greater villi length, width and villus surface area
Morphological examinationThe fixed jejunum samples compared with the control-group, and the group 4 was the
were dehydrated, cleared and embedded in paraffin. Seriaimost prominent (Table 2, Fig. 1C).
sections were cut at 5 um and placed on glass slides. Sections Nutrition in-ovocan provide embryos with nutrients being
were deparaffinized in xylene, rehydrated in a graded alcoholnot adequate for optimal growth and development of embryos
series, stained with hematoxylin and eosin, and examinedand for development after hatching (Uni and Ferket 2005,
by light microscopyMorphological measurements of villus Foyeet al.2006). The oral consumption of carbohydrate can
height and width were performed with 1000 light microscope supply the energy-and improve the growth of embryos (Uni
with 400D digital cameratakingiimages. Villus surface area et al. 2005, Foyeet al. 2006, Tangarat al. 2010, Weiet al.
was calculated from villus height and width half height (Uni 2010). In our studyin-ovofeeding a given maltose solution
et al. 1998) to embryos, hatchling weights.increased by 2.9 to 6.4% over
Statistical‘analysisDifferences between weights' of controls (Table 1). Uni and Ferket (2004) found IOF solutions
embryos or hatchlings were examined by ANOVA using containing carbohydrates and protein increased hatchling
GLM of SAS-8.0 software, and initial egg mass were used weights by 3% to 7%. Providing carbohydrates and 3-
as a covariate. The significance of differences between meanlydroxy-3-methyl butyrate to late-term embryos increased
was determined with the TDIFF option of the LSMEANS hatching weights by 5 to 6% (Uet al. 2005). Takeet al.
statement. Differences between means were considere@2004) observed that in IOF the carbohydrates to the late-
significant'at the P<0.05 level. Hatchability data were term embryo led to a 3.2% increase of body weight (BW) at
analyzed by chi-squared test. The results were presented agay of hatch compared with the control. Hatchling weight is
least squares means with standard errors. a major predictor of marketing weight in chickens (&ni
al. 2005). Wilson (1991) reported that each 1 g of increase
RESEERALL P'SCUSSUSS in BW at hatch leads to 8 to 13 g of increase in BW at
Hatchability and body weightThe hatchability of marketing. But excessively high maltose concentration
treatments 2, 3 and control group were not significantly cannot improve the growth of embryos, reversely, reduce
different (Table 1) but the hatchability of treatment 4 was hatchability (maltose, 300 g/L), and even result in embryos
significantly lower than control group. In treatment 5 all death (maltose, 400 g/L) (Table 1), which may be resulted
embryos were dead before hatéh.19d of incubation, the  from the higher osmotic pressureinfovo feeding maltose
embryo mass of groups 3 and 5 was significantly higher thansolution.
that of group 1 and 4 (Table 1). On day 20, the embryo mass Previous studies suggested that final growth in the bird is
of group 2, 3 and 5 was significantly higher than that of group directly proportional to an early high specific growth rate of
1. On the day of hatch, the body weight of group 2, 3 wassupply organs (Lijia 1981). As the intestine is the primary
significantly higher than that of group 1 and 4. supply organ and must function very early in life to ensure
Jejunal villus developmenft 19 d of incubation, IOF  survival and the rapid growth and development of hatchlings
treatments except for 5 group exhibited greater villus length (Uni et al.2003).In ovo feedinqutrients to the embryo can
and surface area compared with controls (Table 2, Fig. 1A).promote the development of the small intestine. This study
Villi length, width and villus surface area of the group 3 were examined the effect of IOF of different concentration maltose
greater than those of the control at 19 and 20 day (Table 2pn day 17.5 of incubation on small intestinal development
Fig. 1B). On the day of hatch IOF treatments except for groupof chickens during pre- and post-hatch periods. The
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Table 2. Effect ofn-ovo feeding maltose with different concentration on jejuna villus length, width and surface
area of broiler from day19 of incubation until hatch
Group

Age 1 2 3 4 5

Villus length (um) 19E 117.6846.48  132.30#21.42 139.267416.56  144.08:11.21  120.08:11.80
20E 155.06478.12  167.3%+22.81 183.38:32.76  143.6%18.56  139.6%:20.04
Hatch 313.08+64.59  378.2358.97 365.1%7£38.88  348.6/°426.49 -

Villus width (um) 19E 28.33:10.80 30.8%+4.42 35.48+3.20 28.6P£7.67 29.74+6.94
20E 33.20+14.36 32.38:8.84 42.48+6.32 30.67+3.52 46.03+2.58
Hatch 35.38+7.48 39.67+4.42 47.66+6.46 36.67+6.78 -

Villus surface area (ufh 19E 1046$+1100 12824+825 15477+1527 1296%8+1278 1120842272
20E 16158+1600 16987+1380 24460£909 13836+1509 2018%+1432
Hatch 34728+1673 4711%+1510 54586+1048 40147912 -

ad means within the same row with no common superscript are significantly different (P<0.05).

morphological measurements of jejuna villi revealed that IOF al. (2004) observed that jejunal.villi height was 50% greater,
maltose can enhance intestinal development by increasingt8 h after IOF carbohydrate than controls. Takal.(2004)

the size of villi (Fig. 1). On the day of hatch villus height,. found that carbohydrate IO fed embryos had 50% elevation
width and surface area of all IOF treatments exhibited invilli surface area prior to hatch relative to control. Smirnov

increasing compared with the control group, and which wereet al. (2006) observed that IOF carbohydrate increased villus
significant increased for the injection 200 g/L maltose group surface area at hatch by about 27%. This rapid intestinal

by 17, 35 and 57%, respectively (P<0.05) (Table 2).diini growth may be due to accelerated processes of enterocyte
200 giL

300 g/L 400 gL

Fig 1. Effect ofin ovo feeding
on jejunum morphology.
Representative light micrography
of intestinal jejunal villi from a
chicken embryo at d 19 (panel
A;x100), d 20 (panel B; x100), and
day of hatch (panel C; x100). The
treatments  were different
. concentration maltose solutions
& (100 g/L, 200 g/L, 300 g/L, 400 g/
Y L in 4.5g/L NacCl); Con, control

(4.5¢/L NaCl). Bar50pm.
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proliferation and differentiation (Geyet al.2001), increased and Wong E A. 2008. Expression profiling of the solute carrier
brush boarder enzyme activities, and glucose cross- gene family in chicken intestine from the late embryonic to early
membrane transport activities (Uni and Ferket 2004), or _ Post-hatch stagesnimal GeneticS89: 407-24. _
upregulated the expression of sodium-glucose transportell"“a C. 1981..Postnatal growth and organ development in the goose.
(SGLT1), SGLTS and SGLTG (Let al. 2008, Foyeet al. Mo(rirr?méﬂ']l'deSr. ig%?ltigestion and absorption of carbohydrates in
2009). In addition, Smirnost al. (2006) found the expansion i !

) . fowl and events through perinatal developmeluurnal of
of surface area that occurs with villus growth probably  Nutrition 115 665-74.

relative to the higher level expression of mucin mRNA. park H. 1993. ‘Nutritional and physiological regulation of*Na
Therefore, this early feeding will accelerate gut development  K*, ATPase in avian gastrointestinal tract.’” Ph.D. Thesis.

and ultimately functional maturity. The rapid functional University of Guelph, Guelph, ON, Canada.

development of the gut will be beneficial to increase nutrient Petersen’Y M, Elnif J, Schmidt M, and Sangild PT. 2002. Glucagon-
digestion and assimilation that will result in body weight like peptide 2 enhances maltase-glucoamylase and sucrase-
elevation. isomaltase gene expression and activity in parenterally fed

premature ‘neonatal pigleBediatric Researclb2: 498-03.
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